This article builds on the conceptual / procedural distinction postulated by Relevance Theory to investigate processing effort in translation task execution. Drawing on relevance-theoretic assumptions, it assumes that instances related to procedural encodings will require more effortful processing not only in relation to the time spent on the task but also in terms of product indicators such as seconds per word and number of micro translation units per word. Drawing on key-logging and eye-tracking data, the article shows that there are statistically significant differences when conceptual and procedural encodings are analysed in selected areas of interest, with instances related to procedural encoding requiring more processing effort to be translated. The results are relevant for translation process research as they signal to where processing effort is predominantly located. Additionally, the discussion also contributes to validating experimentally some claims postulated by Relevance Theory.
Introduction
The use of eye tracking has gained impetus in translation process research lately. Jakobsen & Jensen (2008) , Pavlovi & Jensen (2009 ), Hvelplund (2011 ), Carl & Kay (2011 ), Carl & Dragsted (2012 and Alves, Gonçalves & Szpak (2012) , among others, have shown that eye fixations differ in areas of interest (AOIs, henceforth) found in source and/or target texts and, thus, suggest interesting implications in terms of reading/writing for translation. These authors assume that the allocation of cognitive resources in translation is essentially an information-processing task that can be assessed in real time. In conjunction, key-logging and eye-tracking data emerge as powerful indicators of processing effort in translation.
Research using key logging builds on the recursive nature of the writing process (Flower & Hayes 1981) and on the notion of cognitive rhythm (Schilperoord 1996) , first applied to translation process research by Jakobsen (2002) . Research using eye tracking draws on the works of Just & Carpenter (1980) and Rayner (1998) , among others, and rests on the overall assumption that eye-tracking data can be interpreted as correlates of on-going cognitive processing and, thus, offers a window into human information processing. Building on Just & Carpenter' s (1980) eye-mind assumption, authors in translation process research assume that eye fixations can be used to map instances of processing effort in source and/or target texts and account for cognitive traits inherent to human translation processes. Jakobsen & Jensen (2008) analyse reading for understanding, for translating, for sight translation, and for written translation to account for different reading modalities in translation. Measured in terms of eye fixation duration, their results suggest that translators allocate more processing effort to target text (TT) processing rather than to correlated instances in source texts (ST). This seems to indicate that TT processing requires more effort than ST processing. Pavlovi & Jensen' s (2009) use eye-tracking data to analyse directionality in translation and compare gaze patterns of professional and novice translators. Their results are in line with Jakobsen & Jensen (2008) and show that ST comprehension and TT production are two processes which differ in terms of processing effort. Hvelplund (2011) also points out that processing effort is stronger for novice than for professional translators during ST and TT processing. Hvelplund measures fixation duration and pupil dilation to show that professional translators engage in automatic processing more often and longer than novice translators do. Hvelplund also suggests that switching attention between different processing modes, such as reading and writing, is easier for professionals and demands more effort from novice translators. Carl & Kay (2011) also investigate shifts of attention in relation to the segment being processed and segments that lie ahead. They show that professional translators are capable of typing a translation while already reading ahead in the ST, whereas novice translators often resort to a sequential processing mode and can only carry out one activity at a time. Carl & Dragsted (2012) investigate differences between copying and translation tasks. They point out that TT production problems, and not comprehension, seem to determine sequences of reading and writing patterns. Comparing copying and translation tasks, Carl & Dragsted (2012) show that, whereas there is more sequential reading/writing processes in translation, parallel reading and writing activities are more predominant in copying tasks.
In the aforementioned works, translation has been studied in terms of the allocation of processing effort during task execution. However, as Alves, Pagano & Silva (2009) show, a fine-grained linguistic analysis of translation problems may also shed light onto relevant aspects of cognitive processing in translation. Alves, Gonçalves & Szpak (2012) and Alves & Gonçalves (2013) use Relevance Theory (Sperber & Wilson 1986 /1995 to investigate processing effort in translation drawing on the concepts of conceptual (CE) and procedural encodings (PE). Alves & Gonçalves (2013) report of a study of key-logged data of professional translators performing direct and inverse translation tasks, and they show that problems related to procedural encodings demand more processing effort to be translated. Alves, Gonçalves & Szpak (2012) analyse eye-tracking data using a similar methodology to identify instances where processing effort is stronger. Their results are in line with Alves & Gonçalves' s (2013) , with the number of eye fixations in their data suggesting that processing effort in translation is stronger in problems related to procedural encodings.
This article builds on the works of Alves, Gonçalves & Szpak (2012) and Alves & Gonçalves (2013) to propose an adaptation of the methodology used in those papers in two combined steps. First, we use key-logged data to analyse micro translation units (micro TUs, henceforth) located in selected AOIs, defined according to relevance-theoretic assumptions. Secondly, eye tracking is used to probe further into the data and analyse fixation counts and fixation duration in selected AOIs. We claim that this methodological approach can offer an alternative to carry out fine-grained linguistic analyses of key-logging and eye-tracking data in translation process research and contribute to corroborate some assumptions postulated by Relevance Theory.
Theoretical underpinnings
Relevance Theory (Sperber & Wilson 1986 /1995 has been applied to the study of processing effort in translation (Alves & Gonçalves 2003 , Alves 2007 , mainly by using the relevance-theoretic concepts of conceptual and procedural encodings proposed by Blakemore (2002) in order to identify a relation between processing effort and cognitive effect.
In relevance-theoretic terms, the function of conceptual expressions (i.e., open lexical categories, such as nouns, adjectives and verbs) is to convey conceptual meaning which is propositionally extendable and contributes to expanding the inferential processing of an utterance, whereas the function of procedural expressions is to activate domain-specific cognitive procedures (i.e., morph-syntactic constraints in utterance processing) and contributes to constraining the inferential processing of these same utterances. Relevance Theory assumes that the conceptual-procedural distinction guides inferential processing. And since most content words also carry some procedural meaning (Wilson 2011) , therefore, processing effort in translation tends to concentrate more on problems related to procedural than conceptual encodings.
In order to clarify the distinction between CE and PE, we borrow an example from Alves & Gonçalves (2013) , namely the title of one of the source texts used in their paper:
Coagulation activation and inflammation in sickle cell disease-associated pulmonary hypertension In the example above, normal type fonts refer to items that exclusively convey conceptual encodings; underlined fonts refer to items that exclusively convey procedural encodings; and bold-face fonts refer to hybrid encodings related to items in which conceptual encodings have a procedural function. In the noun phrase "Coagulation activation and inflammation", for instance, it is quite transparent that there are three content words (coagulation; activation; inflammation) and a function word (and). However, besides being a content, referential word, in terms of the instructions it encodes, Coagulation also works as a modifier for other content words. Therefore, it is analysed as a case of hybrid encoding according to the theoretical framework adopted by Relevance Theory. It is also relevant to note that words and encodings have different roles in a relevance-theoretic account of inferential processing. Whereas content and function words are lexical items used in text production, encodings concern the type of instructions conveyed by such words, namely conceptual, procedural or hybrid instructions (Blakemore 2002 , Wilson 2011 .
The studies of Alves (2007) and Alves & Gonçalves (2003) show there is a relation between processing effort and cognitive effect in translation and also that the conceptual-procedural distinction plays a role in such processes. Alves & Gonçalves (2013) build on these previous relevance-theoretic findings and corroborate them by means of statistical analyses. Using key-logged data to map instances of conceptual and procedural encodings onto micro/ macro TUs (Alves & Vale 2009 , Alves & Gonçalves (2013) show that problems related to procedural encodings demand more processing effort both in direct and inverse translation tasks.
According to Alves & Vale (2011: 107) , a micro TU is defined as "[…] the flow of continuous target text production-which may incorporate the continuous reading of source and target text segments-separated by pauses during the translation process as registered by key-logging and/or eye-tracking software. It can be correlated to a source text segment that attracts the translator' s focus of attention at a given moment." The definition of the pause duration threshold between every two micro translation units will depend on the respective theoretical constraints. In this paper, we adopt the values suggested by Jakobsen (2005) , i.e., 2.4 seconds as the minimum pause time limit, as explained on section 3.3 below. A macro TU, on the other hand, is "[…] defined as a collection of micro TUs that comprises all the interim text productions that follow the translator' s focus on the same ST segment from the first tentative rendering to the final output that appears in the TT." Alves & Vale (2011) classify macro TUs with editing procedures taking place only in the drafting phase as P1. Those macro TUs that are produced once in the drafting phase and changed only in the revision phase are classified as P2. Finally, those macro TUs that undergo editing procedures both during drafting and revision are classified as P3. Alves & Gonçalves (2013) have broadened Alves & Vale' s (2011) taxonomy to include a P0 macro TU, corresponding to those micro TUs that do not undergo any editing at all. Such micro TUs are also considered macro TUs for annotation purposes. It is important to highlight here that we distinguish editing procedures from first rendering production: the former comprises some kind of addition, deletion, or modification performed on some initial production whereas the latter corresponds to the very first version of a given translation unit.
In their attempt to map problems related to conceptual and procedural encodings onto translation process data, Alves & Gonçalves (2013) have also annotated more detailed editing procedures inside each macro TU to account for the level of linguistic complexity in an editing procedure. The results of Alves & Gonçalves (2013) suggest that the allocation of cognitive resources in translation can be illustrated as P0>P1>P3>P2. Drawing on relevance-theoretic assumptions, the authors argue that subjects concentrate editing procedures within or very close to the respective initial micro TU and systematically attempt to reduce processing effort in order to optimise the resources in their cognitive environments. If they postpone the solution to a problem, or only fully realise this problem later on, the required processing effort needed to re-activate relevant information will be suboptimal in terms of cognitive processing economy. This is consistent with the relevance-theoretic framework, since additional processing effort diminishes the relevance of the cognitive effects, described by Alves & Gonçalves (2013: 109) as effects that, correspond to the changes taking place in the cognitive environment as a result of inferential processes (i.e., the pieces of information added, changed or even excluded); effort, in turn, is the amount of cognitive resources spent in those processes. None of them can be measured in terms of precise amounts-they can only be estimated and treated in comparative dimensions. Therefore, for any input to be considered more or less relevant, it will depend on the balance between these two factors (effects and effort). Alves & Gonçalves (2013) have also found that the total number of problems related to conceptual and procedural encodings is highest in P1, followed by P3. They assume that this can be interpreted in terms of allocation of processing effort to phases in the translation process, indicating where this effort is greater. In P1, subjects interrupt the cognitive flow to deal with more immediate processing problems. In P3, however, part of problem solving is accomplished in the end-revision phase. Their results point to prevalence of processing effort for procedural encodings in absolute terms, particularly in P1 and P3 where processing effort seems to be concentrated.
Along similar lines, Alves, Gonçalves & Szpak (2012) have proposed a methodological approach to map eye movements onto macro TUs. The authors also show that the number of eye fixations is higher in problems related to procedural encodings than in problems related to conceptual encodings. An interesting question that emerges from the studies of Alves, Gonçalves & Szpak (2012) , with eye-tracking data, and Alves & Gonçalves (2013) , with key-logged data, is whether an analysis combining key logging and eye tracking would corroborate the results of the two previous studies. Drawing on Alves & Gonçalves (2013) and Alves, Gonçalves & Szpak (2012) , in this paper we analyse both key-logged and eye-tracking data in an experiment which aims at investigating the performance of the same subjects who had participated in the two previous studies, now performing a new translation task, to probe once again into the conceptual/procedural distinction in translation. By doing this, we hope to put the results to the empirical-experimental test and also to validate experimentally some theoretical claims of Relevance Theory by applying them to translation process research.
Methodology
Eight Brazilian translators with at least five years of professional experience were asked to translate into Portuguese (L1) a source text in English (L2) about the physics of crumpling paper. The English ST has 186 words and was published in Scientific American, a science popularization magazine. Translators worked without time pressure, and were allowed to use the online dictionary Babylon as a resource for external support. Before starting to translate, subjects were instructed by a brief of the task with a detailed description at hand.
Data was collected using the triangulation paradigm in translation process research (Alves 2003) . Keyboard and mouse actions were registered by means of Translog2006 whereas eye movements were recorded with a Tobii T60 eye tracker. Before data collection, subjects were asked to perform a copy test to serve as a baseline for typing speed and help them to familiarise themselves with the working conditions in the research setting. A QWERTY keyboard, familiar to all subjects, was used in the experiment. Eye calibration was performed according to the instructions provided in the Tobii T60 user' s manual.
Building on Alves & Gonçalves (2013) and Alves, Gonçalves & Szpak (2012) , we have refined the methodology to investigate the relevance-theoretic conceptual/procedural distinction in translation. We have thus correlated micro TUs registered in key-logged files to macro TUs observed in previously defined AOIs. The next subsections present the methodological steps taken to achieve that end.
Analysis of source text from a relevance-theoretic perspective
The ST used in the experiment, displayed in figure 1, was divided into 12 AOIs, six in each paragraph. The eight AOIs selected for the study are AOI_1 to AOI_7 and AOI_10. In relevance-theoretic terms, the selected AOIs contain instances of conceptual and procedural encodings, highlighted in italics, which we considered to be potentially effortful for purposes of translation task execution. The ST has two paragraphs with somewhat different structures. The first paragraph has 77 words (405 characters) while the second paragraph is longer, containing 109 words (551 characters). The first paragraph is structured in six sentences (AOIs 1 to 6) that create a cohesive chain which attempts to convey the cause/effect relation for the problem described in the article, namely the physics of crumpling paper. The connectives but, once, yet, and though, together with the phrase a fact that and the colon followed by changes in their size in relation to, build a sequence of causal relations that guides readers into understanding the physics of crumpling paper. According to relevance-theoretic assumptions, this chain of procedural encodings help translators in their inferential processing in order to generate cognitive effects in their TT output. The second paragraph, in turn, explains what is a crushed thin sheet and describes the procedures that account for the results obtained by scientists at the University of Chicago. This second paragraph consists of six sentences (AOIs 7 to 12) which are independent from one another in structural terms. However, two noun groups, "curved ridges" and "a sheet of thin aluminized Mylar", stand out as terminological items that may pose problems to translators. These potential translation problems were selected as AOIs containing conceptual encodings. Therefore, for the purposes of the present study, AIOs 1 to 7 and AOI_10 constitute the focus of the analysis whereas AOIs 8, 9, 11 and 12 were grouped together in one block of other areas of interest (O/AOIs) when statistical analyses were carried out.
Hypotheses
Being 18% longer than the first paragraph, one would expect the second paragraph to require more time to be translated. However, when examining the conceptual and procedural encodings in the ST, one notices that the first paragraph conveys six potential procedural encoding-related problems, while the second paragraph, although longer, relates more specifically to two instances of potentially problematic conceptual encodings, conveyed by the noun phrases "curved ridges" and "a thin sheet of aluminized Mylar." Needless to say that we are aware of the procedural encodings present in the second paragraph. Nevertheless, we decided to focus our analysis on the conceptual encodings to see how their processing differed from those related to encodings found in the first paragraph.
In accordance with relevance-theoretic assumptions and drawing on the results of Alves & Gonçalves (2013) , one could hypothesise that the higher number of procedural encodings in the first paragraph requires more processing effort to be translated. We measured this not only in terms of the time allocated to text production as registered by key logging, but also depending on the number of micro TUs in the specified AOIs. Hypothesis one thus reads:
In comparison to total task time, the first paragraph, although shorter, will take longer to translate. Processing effort will be higher not only in terms of time but also in respect to the number of micro TUs allocated to instances related to procedural encodings.
We also used eye-tracking data to assess relevance-theoretic assumptions related to a second hypothesis. One would assume that instances of conceptual encodings might also take some reasonable amount of time to be translated. Nevertheless, processing effort would be of a different nature. Whereas processing effort in issues related to procedural encodings would be distributed in the first paragraph with a high number of more complex, recursive movements along the process, the conceptual encodings selected in the second paragraph would show a localised type of processing, with substantial time allocated to sources of external support such as dictionary look-ups. Hypothesis two thus reads:
Processing effort will be higher in instances related to procedural encodings as shown by a higher number of micro TUs, pointing to a more complex, and distributed type of cognitive processing. The number of micro TUs allocated to instances related to conceptual encodings will be lower and point to a more localised type of processing.
Data treatment
Based on Alves & Gonçalves (2013) , the log files of the eight professional translators were segmented into micro TUs separated by a pause value of 2.4 seconds, a value deemed to be representative of segmentation patterns among more expert translators (Jakobsen 2005) . The Translog linear representations show idiosyncratic patterns across the sample. The number of micro TUs ranges from a maximum of 108 to a minimum of 26 for the translation of the same ST. That difference in numbers notwithstanding, it is possible to assess the data in order to show how much processing effort each translator allocated to the eight selected AOIs selected and then compare the data among subjects. This procedure also allows us to indicate how much processing effort is located within, or falls outside the scope of, the selected AOIs.
A second step consists in the analysis of heat maps indicating instances in the translation process where processing effort is higher, through fixation counts and duration. A heat map indicates points where eye movements concentrate in terms of number of eye fixations and their duration. When using colours, there is a gradient that goes from green (indicating a smaller number of eye fixations), through yellow and orange, to red (indicating a higher number of, and longer, eye fixations). In this paper, those areas with higher or lower number of, and shorter, fixations can be recognised in shades of grey. The white areas (yellow, when coloured) point to a number and duration of fixations above average while the dark grey areas (orange or red, when coloured) indicate a high number of, and longer, fixations. The light grey areas (green, when coloured) depict a low number of, and shorter, fixations. Figure 2 displays an example of a heat map for one of the eight professional translators, with eye fixation being determined by gaze lasting 250 ms or longer (Rayner & Sereno 1994) . Heat maps provided by Tobii Studio software show both fixation count and fixation duration from a graphic perspective according to visual activity. Such activities are easily identified in both ST and TT areas, respectively the upper and lower areas in each individual heat map. Instances with higher fixation counts/duration probably correspond to translation problems which require more time and effort to be processed. Thus, they are deemed to be cognitively relevant in terms of processing effort. In the heat map displayed in figure 2, the selected AOIs in the first and second paragraphs of the ST indicate points in the process where eye fixations were longer. Empirically speaking, they suggest that a selection made on the basis of relevance-theoretic assumptions is feasible. Individual heat maps for the eight subjects illustrating the distribution of effort in terms of fixation duration, in appendix 1.
Analysis and discussion
Our analysis builds on the results of Alves & Gonçalves (2013) for key-logged data and Alves, Gonçalves & Szpak (2012) for eye-tracking data. We compare the number of micro TUs with the number and duration of eye fixations for eight selected AOIs. As these AOIs are spread throughout the ST with procedural encoding-related problems concentrated on the first paragraph and two instances of conceptual encoding-related problems in the second paragraph, an analysis of the time spent on each paragraph can provide insights into the amount of processing effort in different parts of the ST. Anderson-Darling normality tests confirm that parametric t-tests are adequate for the data set under scrutiny (see appendix 2). Table 1 Table 1 shows task duration both in terms of the total time spent by each of the eight translators as compared to the time spent on the translation of each paragraph. The figures in table 1 indicate a mean total task time of 1.187 seconds. On average, 46.2% of the total time was allocated to the first paragraph, while 53.8% of the total time was spent in the translation of the second paragraph, a difference of 7.6% on the mean total time spent on the translation of the second paragraph. However, taking into account that, in number of words, the second paragraph is 18% longer than the first paragraph, there is a negative difference between the relative size of the ST and the relative time spent on the translation of each paragraph. This suggests that the first paragraph requires relatively more processing effort to be translated. Among the eight translators, six of them have individual numbers very close to the means. Only two translators, Adam and Rui, have diverging performance patterns. They spend relatively more time on the translation of the first paragraph. On average, translators require 547 seconds to translate the 77 words in the first paragraph, i.e. 7.1 seconds per word. On the other hand, they need 640 seconds to translate the 109 words of the second paragraph, working at a rate of 5.9 seconds per word. These results suggest that the first paragraph requires relatively more time to be translated and thus corroborate the initial assumption that procedural encodings demand more processing effort in translation.
As described in section 3, micro TUs were mapped onto eight relevant areas of interest (AOIs) in the ST. First, they were mapped onto key-logged data and, secondly, onto eye-tracking data. Table 2 presents the micro TUs processed by each of the eight translators. It shows the total number of micro TUs as well as the numbers of micro TUs for each area of interest (AOI) and also includes the number of micro TUs that fall outside the selected AOIs (O/ AOI), including AOI_8, AOI_9, AOI_11 and AOI_12 (see figure 1) .
When contrasting the results for P types of macro TUs with those obtained by Alves & Gonçalves (2013) , the total number of problems related to conceptual and procedural encodings is highest in P1. However, instead of being followed by P3, in our data these problems are related to P2 macro TUs. Nevertheless, these results can also be interpreted in terms of allocation of processing effort to phases in the translation process, indicating that in P1 subjects interrupt the cognitive flow to deal with more immediate processing problems, whereas in P2 or P3 problem solving is postponed to or concluded in the end-revision phase.
The differences between procedural encodings (PE) and conceptual encodings (CE) in to a higher number of micro TUs in PE-related AOIs than in CE-related ones. When we divide the number of micro TUs by the respective number of words in each AOI, the difference between PE and CE is statistically significant: the mean number of micro TUs per word is significantly higher for CE (0.12) than PE (0.06). This means, conversely, that the number of words per micro TU is significantly higher for PE than CE (p-value 0.003). Together with the results in table 1, the data shows a longer mean time for processing words related to PE than CE. On average, in PE-related AOIs words take longer (and require more effort) to be processed than in CE; in PE-related micro TUs, on average, there are more words; in PE-related AOIs, on average, there are more micro TUs -what leads to the conclusion that time/effort for PE-related problem solving is significantly higher than for CE.
Combining the results of tables 1 and 2, table 3 shows the amount of time (seconds) spent in each micro TU (Secs/MTU), and the division of this result by the number of words in each paragraph (Secs/MTU/Word); a rate we may consider another possible measure of processing effort in translation. Anderson-Darling normality tests confirm that parametric t-tests are adequate for the data set under scrutiny. Weighted effort rates contrasting the first and second paragraphs point to a significant difference in the number of words processed in each paragraph in relation to the number of micro TUs and the time spent on the task. The Pearson' s correlation coefficient correlating the two paragraphs is also very strong, which reinforces the consistency of the difference between them and confirms that subjects spend more time and make more effort per micro TU in the first paragraph. Thus, table 3 confirms the tendencies observed in tables 1 and 2, suggesting an interesting relation between the time spent on the task, the number of micro TUs, and the total number of words in each paragraph. With an average value of 0.32 second per micro TU/word in the first paragraph against 0.20 second per micro TU/word in the second paragraph, the results on table 3, as weighted effort rates, confirm that PE requires more processing effort than CE for key-logged data. In short, these results demonstrate that each word and each micro TU in the first paragraph require more time to be processed when compared to each word and the micro TUs in the second paragraph, thus corroborating our first hypothesis. And, since PE-related problems are mainly located in the first paragraph, while CE ones appear in the second paragraph, an analysis of eye-tracking data for each paragraph could provide us with further insights into processing effort in translation related to the relevance-theoretic conceptual/procedural distinction. In order to assess that, we analysed eye fixations in the selected AOIs. A major methodological problem in the analysis of CE and PE would be the impact of external support searches in the complete data set. During task execution, subjects often deviate their gaze from the computer screen or open other windows to look up dictionary entries and/or perform web searches. These actions are an integral part of the translation process and must be taken into consideration. To be more precise about the impact of external support searches on online processing, scenes were created separately for instances of internal and external support which occur predominantly for AOI_7 and AOI_10. Eye-tracking data related to external support searches, i.e., online dictionary look-ups, was then added to eye-tracking data related to internal support searches, i.e., when subjects lean only on their memory and inferences. Table 4 shows fixation counts in both ST and TT areas. The average number of eye fixations is higher for AOIs 1 to 6, corresponding to instances of PE, and contrasts them to the fixation counts in AOI_7 and AOI_10. Wilcoxon Test contrasting PE and CE show a p-value of 0.0001, which is statistically highly significant. As far as the conceptual/procedural distinction is concerned, the higher number of eye fixations in instances related to PE confirms the analysis of key-logged data and suggests that AOIs 1 to 6 demand more processing effort to be translated, thus corroborating relevance-theoretic assumptions related to the conceptual / procedural distinction.
Another interesting aspect is the number of fixation counts in ST and TT areas. The data suggests that there are more variations in the first paragraph, with eye movements going back and forth from ST and TT as well as encompassing longer stretches of text. The lower fixation counts for AOIs 7 and AOI_10, where instances of CE appear, could be due to the fact that eye fixations fell predominantly on the two noun groups and did not extend to other stretches of text. On average, fixation counts are higher on TT areas, a result that corroborates previous translation process studies (Jakobsen & Jensen 2008 , Pavlovi & Jensen 2009 , Hvelplund 2011 , Carl & Kay 2011 , Carl & Dragsted 2012 and Alves, Gonçalves & Szpak 2012 .
Next we analysed fixation duration for the selected AOIs. Table 5 shows fixation duration in both ST and TT areas. Wilcoxon Test contrasting PE and CE show a p-value of 0.003, which is statistically significant. As far as the conceptual/procedural distinction is concerned, an analysis of eye fixation duration in instances of PE-related problems confirms the analysis of keylogged data and suggests that AOIs 1 to 6 demand more processing effort to be translated, thus corroborating relevance-theoretic assumptions related to the conceptual/procedural distinction.
Normality Test Anderson-Darling for PE = AOI_1 to AOI_6 (0.690) p-value (0.044) Normality Test Anderson-Darling for CE = AOI_7 and AOI_10 (0.639) p-value (0.060) Fixation counts for PE and CE -Wilcoxon Test (64) p-value (0.0001) = highly significant The results show that both hypotheses were confirmed in our study. The number of words processed in each paragraph in relation to the number of micro TUs and the time spent on the task reveals that subjects spent more time and made more effort per micro TU in the first paragraph. Thus, relatively to its length, the first paragraph took longer to translate. The number and types of micro TUs also indicate that processing effort was stronger in the first paragraph. Hypothesis one was, therefore, confirmed. As far as the conceptual/procedural distinction is concerned, the results indicate that AOIs 1 to 6 demanded more processing effort to be translated than AOIs 7 and 10. There was a higher number of eye fixations in instances of PE-related problems. Fixation duration was also longer for PE. Processing effort also showed lower levels of complexity for micro TUs located in AOIs 7 and 10, pointing to a more localised type of cognitive processing. Therefore, hypothesis two was also confirmed.
Concluding remarks
The results of our study point to interesting observations concerning translation both as a process and as a product. Combining time spent on the task, seconds per word, and the number of micro TUs per word in each paragraph, we could show that there is a statistically significant difference in the way instances related to CE and PE are processed by professional translators. The joint use of key-logged and eye-tracking data to analyse processing effort yields insights into what type of processes are favoured when translators deal with either CE and PE. Whereas CE tends to favour a more localised type of processing effort, PE requires more complex and distributed operations which encompass longer stretches of text. Overall, the results point to the validity of the proposed methodology for the selection of translation problems. The selected AOIs proved to be a valid choice to test some relevance-theoretic claims concerning the conceptual/procedural distinction in translation. The results point, almost always, to the allocation of longer stretches of time, and eventually more processing effort, in the processing of PE-related problems, as shown by the statistic tests: PE-related AOIs, on average, include more words and more micro TUs than the CE-related ones; PE-related words, on average, take longer to be processed; and PE-related micro TUs, on average, have more words.
Although the data set is relatively small to allow for robust generalizations, on the whole, the combined analysis of key logging and eye tracking highlights the explanatory power of a relevance-theoretic account of translation and provides a better understanding of the role of processing effort in translation. Other studies replicating our methodology and contrasting it in disparate language pairs would help us assess further the validity of our claims. We intend to do that by expanding the analysis presented herewith in similar studies to probe further into the consistency of a relevance-theoretic account of processing effort in translation.
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